T h e phosphoenolpyruvate transporter (PPT) is one of several important transporters for channelling carbon intermediates utilized for fatty acid synthesis and other plastidial pathways from the cytosol into the plastid. In this paper we show results on how the activity of the P P T changes between two important, physiologically different developmental stages of oilseed rape embryos.
Introduction
In plants fatty acid synthesis occurs exclusively in the plastid and in heterotrophic organs it is dependent on the supply of carbon intermediates from the cytosol. Previous studies have shown that a range of metabolites is used for fatty acid synthesis by plastids from heterotrophic tissues of different plant species [ 1 4 ] . However their relative utilization shows considerable variation depending on developmental stage, organ and species. T h e differences in efficient usage for fatty acid synthesis are largely. determined by the presence and activity of specific transporter proteins on the plastid envelope [l]. These transporters play an important role in channelling various carbon substrates into the plastids and they can also exert control over fatty acid synthesis. 'To whom correspondence should be addressed (e-mail steve.rawsthome@ bbsrc.ac.uk).
Earlier studies have shown that glucose 6-phosphate (Glc-6-P) and pyruvate are the major substrates for fatty acid synthesis in plastids of oilseed rape embryos [l]. However, their rates of incorporation into fatty acids change significantly during embryo development, with uptake and utilization of Glc-6-P declining and that of pyruvate increasing strongly. These changes in uptake reflect the changing activities of the corresponding transporters rather than glycolytic metabolism in the plastid. Our recent work has included an evaluation of the role of phosphoenolpyruvate (PEP) as a carbon source for fatty acid synthesis and the measurement of the activity of the PEP transporter (PPT) during embryo development.
Experimental
Plastids were prepared from developing embryos of oilseed rape (Brassica nupus L. cv Topaz) as described previously Figure I
Concentration dependence of PEP uptake by plastids from developing embryos
A range of substrate concentrations was used t o measure uptake of PEP by plastids isolated from embryos at stages A and C. Uptake was measured using the silicone-oil centrifugation technique. Each value represents the meanf5.E.M. of measurements made on three separate plastid preparations. 
Concentration in mM
containing labelled and unlabelled substrate in required amounts. 170 pl of the incubations were transferred into the reaction vessels with oil and incubations stopped by centrifugation at 12 000 g for 10 s. Rates of uptake were expressed per unit of GAPDH (glyceraldehyde-3-phosphate dehydrogenase) activity.
Results and discussion
T h e activity of the P P T was measured during oilseed rape embryo development. Two physiologically different stages of development were chosen. Stage A represents young embryos with an average weight of 1 .O-1.5 mg and corresponds to early cotyledon filling (approx. 23 days after anthesis stages A and C PEP uptake into plastids increased about 2.0-2.5-fold (Figure 1 ). At both stages the rate of uptake was saturated at a concentration of 1 m M with K,,, values of about 0.1 mM.
Uptake of PEP is comparable with that of Glc-6-P and pyruvate (Table 1) . Whereas the activity of the Glc-6-P transporter declines between stages A and C, the transporters for both PEP and pyruvate show increasing activities. T h e increase in activity of the P P T between stages A and C is not as great as that of the pyruvate transporter.
Further studies are underway to assess the relative fluxes of carbon from Glc-6-P, pyruvate and PEP into fatty acids and other plastidial pathways.
